ABSTRACT. Objective. To determine the role of household composition as an independent risk factor for fatal inflicted injuries among young children and describe perpetrator characteristics.
I
nflicted injuries are the leading cause of injury death among infants 1 and account for one third of injury deaths resulting from maltreatment among children under the age of 5 in Missouri. 2 Almost all fatal inflicted injuries to young children are caused by adult caregivers and are therefore, by definition, physical child abuse. 3 Using vital-records data makes it possible to conduct large, population-based studies to identify risk factors for fatal inflicted injuries. It is well documented, however, that studies based on vital records severely underestimate child maltreatment deaths, with 50% to 85% of child maltreatment deaths misclassified as resulting from other causes. [3] [4] [5] [6] [7] In addition, vital-records data are typically limited to a small subset of maternal and child variables and provide no information on household composition, the perpetrators, or their relationship to the decedent child. This combination of pronounced misclassification and lack of risk-factor information in vital records severely limits the usefulness of these data for child-maltreatment research. 1, [8] [9] [10] Combining data from multiple sources, now a common practice in many state-based child-fatalityreview programs, can greatly reduce the misclassification of maltreatment fatalities as resulting from other causes. In addition, compared with vital records, child-fatality-review programs often document detailed information about the cause and circumstances of death and record information on a wider variety of risk factors. 5, 7, 11 We published a case-control study 2 in Pediatrics in 2002 using the first 3 years of Missouri Child Fatality Review Program (CFRP) data (1992) (1993) (1994) . We reported that children residing in households with adults unrelated to them were 8 times as likely to die of maltreatment than children residing with only 2 biological parents and showed no increased risk of maltreatment death to children in households with a single parent and no other adult residents. The findings of this study were important, but the number of cases was too small to analyze household composition by maltreatment type with adequate statistical power or to explore perpetrator relationships. Maltreatment is a term that typically incorporates both child abuse and neglect outcomes. Analyses by specific type of maltreatment are critical to sort out distinct risk factors and possible etiologic differences. For example, several studies have noted different risk factors for physical abuse versus neglect, [12] [13] [14] [15] and several studies specifically noted differences in household composition by maltreatment type. 2, 16, 17 The purpose of this study was to evaluate household composition as an independent risk factor for fatal inflicted injuries among young children. We analyzed 8 years of the Missouri CFRP data to test 2 hypotheses: (1) that children residing in households with adults unrelated to them are at higher risk of inflicted-injury death than children residing in households with 2 parents and no other adults; and (2) that children living with a single parent were at no greater risk of inflicted-injury death than children living with 2 parents as long as no other adults lived in the home. Secondary objectives included conducting a descriptive analysis of perpetrator characteristics including gender, relationship to decedent child, and whether the perpetrator was a member of the decedent's household at the time of the child's death.
METHODS

Study Population and Data Sources
All children less than age 5 who died in Missouri between January 1, 1992, and December 31, 1999, were eligible for the study. The primary source of data for this study was records from the Missouri CFRP. Mandated in 1991 and established January 1, 1992, the CFRP consists of multidisciplinary review teams in each of Missouri's 114 counties and the city of St Louis. Team composition is mandated and includes the county prosecuting attorney, the county coroner or medical examiner, law enforcement, and representatives from child protective services, the juvenile court, public health, and emergency services. Each death of a child Ͻ18 years of age is reported to the county coroner or medical examiner, who then reviews the death with the chair of the county review team. When the cause, manner, or circumstances of the death meet any of ϳ20 criteria, the death is referred to the full multidisciplinary team for review. Review criteria include all injury deaths; unexpected, unexplained or suspicious deaths; deaths potentially related to malnutrition or delay in seeking medical care; and deaths in households with prior child protective services contacts. Deaths not meeting these criteria may be referred for review at the discretion of the chair. During the review, team members contribute knowledge of the circumstances of the death and information on prior contacts with the child or the child's family. Unlike some child-fatality-review programs, reviews in Missouri are conducted within days or a few weeks of the child's death. Standardized data forms are used to record information about the decedent and detailed circumstances surrounding the death. Information on household members and their relationship to the decedent child is collected on all child deaths even if the death does not meet the criteria for review by the full county team. In the case of inflicted injuries, information on perpetrator gender and the relationship of the perpetrator to the decedent child are also recorded. State-level program personnel compile the forms from each county and, by checking against death certificates, routinely monitor completion of the forms. They also conduct annual training sessions throughout the state to ensure accurate and consistent data-collection procedures by the local teams.
For this study, we obtained the completed CFRP data forms and computerized data files, as well as documentation of child abuse and neglect reports on all case and control children, from the Missouri Department of Social Services. Data from birth and death certificates were obtained from the Missouri Department of Health and Senior Services and linked to the CFRP data. The study protocol was exempted from review by the Health Sciences Institutional Review Board at the University of Missouri.
Procedures for Identification and Selection of Cases and Controls
We reviewed the CFRP forms of all children Ͻ5 years old who died of an injury or undetermined cause during the 8-year study period. We also reviewed other corroborating documents such as autopsy or police reports when available. Children were included as case children for this analysis when, after reviewing the available information describing the circumstances of death, we were able to determine that the injury resulting in death was inflicted by a parent or other adult caregiver.
Eligible controls were all children who died of natural causes during the same period. We included children whose deaths were a result of prematurity and congenital malformations if they lived Ͼ7 days. We excluded children who lived Յ7 days based on our assumption that these children likely never left the hospital and therefore were never members of a household in the same manner as cases. We excluded sudden infant death syndrome (SIDS) deaths because of the potential for misclassification of inflictedinjury cases as SIDS. Although we believe that the Missouri childfatality-review process results in few such misclassifications, not all SIDS deaths in our data meet the diagnostic criteria of complete autopsy, death-scene investigation, and review of clinical history. We generated a list of all eligible control children. Using a random-number generator, we selected 2 control children per case child, frequency matched by age (month of age for infants, year of age for children aged 1-4). If household information was missing, the selected control was discarded and the next randomly selected eligible control child with complete household information was chosen.
Exposure and Outcome Measures
The main outcome measure was inflicted-injury death at the hands of a parent or other adult caregiver. The primary exposure variable was composition of the decedent child's household. We classified household composition into 5 mutually exclusive categories based on the relationship of adults in the household to the decedent child. When developing the classification scheme, we attempted to distinguish between biological relationships (eg, biological parent, other relative), nonbiological relationships that included a "parental role" (eg, stepparent or foster parent), and neither biological nor parental relationships. The categories were (1) households with 2 biological parents and no other adult residents, (2) households with 1 biological parent and no other adult residents, (3) households with 1 or 2 biological parents and another adult relative(s), (4) households with stepparents or foster parents, and (5) households with 1 or 2 biological parents and another unrelated adult(s).
Households with a combination of related and unrelated adults in residence were classified based on the following hierarchy. If an unrelated adult resided in the household, the household was classified in the unrelated-adult category regardless of the other household members. Households with a stepparent or foster parent in addition to another relative were classified in the stepparent or foster category.
In our first study using CFRP data, 2 we classified households with adoptive parent(s) in the category with stepparents and foster parents; our rationale was that adoptive parents are in a parental role but unrelated to the child, like stepparents or foster parents. However, this categorization generated several passionate discussions during presentations of those study findings by people who felt that the adoptive parent's motivation for becoming a parent is strong, making them more similar to biological parents than stepparents or foster parents. As a result, for this analysis we classified households with adoptive parents in the same way as biological-parent households.
Statistical Analysis
We assessed the distribution of all variables of interest and potential confounding variables by using univariate and bivariate methods. Odds ratios (ORs) and 95% confidence intervals (CIs) were calculated by using logistic regression. The OR provides an estimate of the risk of fatal inflicted injury associated with each household-composition category compared with the reference category, which was households with 2 biological parents and no other adults in residence. For the multivariate-regression analyses we imputed missing values for each variable to the low-risk category. For example, records missing information on maternal
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CHILD DEATHS RESULTING FROM INFLICTED INJURIES education were assigned a code reflecting maternal education as high school graduate. Imputation of missing variables allows use of all data for regression analyses, resulting in less-biased effect estimates. 18 Assigning the low-risk category for each variable minimizes overestimation of risk. All statistical analyses were conducted by using SAS (SAS Institute, Inc, Cary, NC). 19 We conducted multivariate logistic regression to assess confounding. Potential confounding variables were identified from these data and the literature. Potential confounders included child factors (black race, age), maternal factors (young maternal age, less than high school education, unmarried, late or no prenatal care, and Medicaid eligibility at child's birth), and household factors (presence of siblings under the age of 5 in the household, prior child protective services report on this child or other household residents). We considered a variable a confounder if its inclusion in a regression model with household composition resulted in a change in the effect estimate of Ն10%. 20 Once all confounders were identified, we used multivariate logistic regression to calculate the adjusted OR (aOR) of the relationship between household composition and fatal inflicted injury while controlling for the identified confounding variables.
RESULTS
Of the 901 children Ͻ5 years old who died as a result of an injury or undetermined cause during the 8-year study period, we identified 149 deaths caused by inflicted injuries (case children) and randomly selected 298 control children frequency matched on age. The majority of the children were male (56%), white (52%), and infants Ͻ1 year old (58%). Seventyfive percent of the children were Ͻ2 years old and 90% were Ͻ3 years old at the time of death. When compared with controls, children who died as a result of inflicted injuries were more likely to be black; born to young, unmarried, Medicaid-eligible mothers with less than a high school education and late or no prenatal care; reside in households with young siblings; and have a prior report to child protective services (Table 1) .
Seventy-three percent of the injuries were inflicted by shaking or striking the child (108 of 149). Of these, 69 children died as a result of abusive head trauma, and 39 suffered abdominal, thoracic, or multiple trauma from their beating. Of the remaining 41 children, 20 (13.4%) were suffocated, 8 (5.4%) were killed with firearms, and 13 (8.7%) were injured in a variety of other ways (burns, poisonings, etc).
Household Composition and Risk of Fatal Inflicted Injuries
Only 37% of case children, compared with 64% of control children, lived in households with 2 biologi- cal parents and no other adult residents (Fig 1) . Case children were more likely than control children to live in households with adult relatives, stepparents or foster parents, and unrelated adults; in fact, 35% of case children versus 6% of control children lived in these 3 household types. There were only 2 households with adoptive parents in these data (both were control households), so it is not likely that our classification of adoptive parents with biological parents influenced our final results. Children living in households with an adult unrelated to them were almost 50 times as likely to die of an inflicted injury than children living in households with 2 biological parents, after controlling for confounding factors (aOR: 47.6; 95% CI: 10.4 -218) ( Table  2) . Eighty-two percent (27 of 33) of those in the unrelated-adult household category consisted of the decedent child's biological mother and her boyfriend. Three households had the mother and another adult, 1 had the father and his girlfriend, and 2 households in this category had no biological parents in residence.
There was a twofold increase in risk to children in households with other adult relatives in residence, but this result did not reach statistical significance. No increased risk was found for children in households with stepparents or foster parents, and it is important to note that there was no increased risk of fatal inflicted injury in households with a single parent and no other adults.
Perpetrator Characteristics
Perpetrators were identified in 132 (88.6%) of the cases. The majority of known perpetrators were male (94 of 132 [71.2%]). Forty-six (34.9%) were the child's father, and 32 (24.2%) were the boyfriend of the child's mother. The child's mother was the perpetrator for 26 (19.7%) cases (Table 3) . Most known perpetrators lived with the decedent child at the time of injury (96 of 132 [72.7%]). Perpetrators who killed children residing with a single parent only were least likely to be a resident of the household (ie, the perpetrator was not the parent) (Table 4 ). In contrast, all known perpetrators who killed children residing in stepparent/foster households were members of the household (most commonly the stepparent or foster parent); most perpetrators who killed children from households with unrelated adults (28 of 31 [90.3%]) were members of the household, and 74.2% (23 of 31) were the boyfriends of the decedent's mother. Most perpetrators killing children in 2-parent households (76.4%) were also residents.
A perpetrator was not identified by the CFRP team for 17 cases. In most of these situations, the police investigation was ongoing at the time that the CFRP forms were completed. The most common scenarios resulting in an unidentified perpetrator involved the presence of 2 adults at the time of injury, neither of which was providing information to the police, or there was a delay in seeking treatment and the person responsible for the care of the child when the injury was inflicted had not been identified.
DISCUSSION
In this population-based case-control study using 8 years of child-fatality-review data, we found that children Ͻ5 years old who live in households with adults unrelated to them have a risk of inflictedinjury death that is almost 50 times the risk to children residing in households with 2 biological parents. More than 80% of these households with unrelated adults consisted of the child's mother and her boyfriend, and in 74% of these households (23 of 31) the mother's boyfriend was the perpetrator of the abuse.
Single-parent families have repeatedly been associated with increased risk of child maltreatment. 16, [21] [22] [23] [24] [25] [26] [27] The findings of this study identify a key distinction in single-parent households: those with a single parent alone and those with a single parent and other adults. We found no increase in risk of inflicted-injury death in households with a single parent and no other adults. We found a twofold increase in households with other adult relatives in residence (not statistically significant) and a nearly 50-fold increase in households with unrelated adults, usually the boyfriend of the decedent child's mother. To our knowledge, the present study is the first analytic study of inflicted injuries among young children to show that it is the presence of adults (usually male) in the household who are unrelated to the child victim that accounts for the increased risk of fatal maltreatment in single-parent households, not single parenthood per se. A recently published study of traumatic brain injury (TBI) in young children exemplifies this omission. Keenan et al 28 analyzed several householdcomposition characteristics in their study comparing young children with an inflicted TBI to those with a noninflicted TBI. They reported a twofold increase in risk of inflicted TBI among children living in households with extended family, comparable to our category of household with other relatives present in which we report a similar increase in risk. They reported a protective effect of households in which the child's biological father was a resident in the home (OR: 0.5; 95% CI: 0.2-0.9). When we examined our current data comparing households with a biological father to those without, we found a similar protective effect of having the biological father residing in the home (OR: 0.4; 95% CI: 0.3-0.06). Our study confirms the findings by Keenan et al. However, their report did not include some of the most important risk factors and relationships associated with fatal inflicted injuries in young children: the presence of unrelated adults in the household, the relationship of the perpetrator to the decedent child, and perpetrator residence in the decedent child's household.
Early studies of physical child abuse most often identified the child's mother as the perpetrator of abuse. 29, 30 In 1986, Bergman et al 31 examined trends in severe and fatal inflicted injuries to children in the period 1981-1983 compared with 1971-1973 in Seattle, Washington. They documented a greater proportion of severe and fatal injuries inflicted by known male perpetrators, including a greater proportion of boyfriends of the child's mother, over the 10-year period. The authors point out that it was not possible to determine if the increase in the proportion of male perpetrators was real or related to social changes that took place during the study period. A greater social acceptance of couples living together without being married, more women entering the workforce, and men spending more time caring for children occurred in this 10-year interval.
More recent studies have confirmed that a greater proportion of men are identified as the perpetrator of inflicted injuries to children. 3, 32, 33 Starling et al 33 identified perpetrators of both fatal and nonfatal abusive head trauma over a 12-year period (1982) (1983) (1984) (1985) (1986) (1987) (1988) (1989) (1990) (1991) (1992) (1993) (1994) at the Children's Hospital of Denver and reported that 68.5% were male. For fatal abusive head trauma only, men were perpetrators in 74.2% of the cases, providing support for the Bergman et al findings that males were responsible for more severe injuries. Starling et al also examined the relationship of the perpetrator to the child for fatal and nonfatal cases combined and reported that 37.0% of perpetrators were the child's father, 20.5% were the boyfriend of the child's mother, 3.1% were stepfathers, and 12.6% were the child's mother. In a study of child abuse homicide cases from 1985 to 1994 among North Carolina residents, Herman-Giddens et al 3 reported that 65.5% of perpetrators were male, 29.6% were the child's father, 18.2% were the mother's boyfriend, 3.9% were stepfathers, and 30.0% were the child's mother.
Our findings on perpetrator gender and relationship to the child victim are similar to those reported by Starling et al and Herman-Giddens et al except for the higher proportion of perpetrators identified as the child's mother by Herman-Giddens et al (30.0%) compared with the present study (19.7%), which may * Regression analyses were adjusted for child's race, mother's age at child's birth, late or no prenatal care, siblings Ͻ5 years old, and prior child abuse or neglect reports on child and household. (11.4) be explained partially by their focus on child homicides. Fatal inflicted injuries by caregivers (physical abuse) are not always identified as homicides. 5 Fatal inflicted injuries in the first week of life (neonaticide) are more often perpetrated by mothers and may be more likely to be recorded as homicides than fatal child abuse after the neonatal period. 1, 34, 35 Starling et al 33 speculated that male caregivers are more dangerous then female caregivers. Our data offer support for this hypothesis and identify households in which a young child resides with his or her mother and her boyfriend as dramatically higher risk. In these high-risk households, the boyfriend was typically responsible for caring for the child at the time of the fatal-injury event and was the perpetrator of abuse. At the same time, it is important to note that although the relative risk is greater in households with unrelated adults, the most common male perpetrator of fatal inflicted injury was the child's biological father; nearly equal numbers of children were killed by their biological fathers as by other related and unrelated males, combined. For all household-composition categories, Ͼ70% of known perpetrators in our study were male, and Ͼ70% of known perpetrators lived with the decedent child.
Our findings have important implications for educational strategies to prevent fatalities caused by inflicted injuries and for child care policy. Educational campaigns designed to prevent "shaken-infant syndrome" (also referred to as abusive head trauma) are most likely to reach mothers of young infants. However, Starling et al 33 and Ricci et al 32 have shown that few mothers are perpetrators of abusive head trauma, and in the present study, mothers were perpetrators for just 20% of all inflicted injuries. A broader message that includes training on early childhood development as well as methods for identifying safe and appropriate child care should ideally be provided to all likely caregivers of infants and young children. This and other prevention strategies should particularly target biological fathers and other male caregivers, if possible. Furthermore, programs that provide prenatal and early childhood home visitation by nurses can reduce child abuse and neglect on the part of low-income, unmarried mothers. Although these programs were not developed explicitly to address fatal inflicted injuries, they effectively reduce many risk factors for fatal abuse and should be given high priority when considering broad-based child abuse and neglect-prevention programs in high-risk populations (low-income, unmarried mothers). 36 Finally, with "welfare-to-work" policies forcing more mothers of young children into the workforce, policies and the financial resources to ensure high-quality day care for low-income mothers could significantly reduce the exposure of young children to male caregivers and therefore inflicted injuries.
The limitations of this study include a lack of information on some of the known risk factors for child physical abuse including parental substance abuse, domestic violence, history of abuse as a child, and depression. We also did not have information on the trigger (if any) of the abuse incident, which is important information when identifying potential prevention strategies. The imprecision of the effect estimate for risk of fatal maltreatment in households with unrelated adults (aOR: 47.6), as evidenced by the wide 95% CI (10 -218), is a limitation. The relatively small number of children residing in these households and the number of covariates in the final logistic-regression model, relative to the number of study subjects, may have contributed to the imprecision of this estimate.
We believe the household data on the CFRP forms are quite accurate; however, external validation studies have not been conducted, and the forms may contain inaccuracies. The probability of misclassification resulting from data inaccuracies would likely be the same for both cases and controls and would bias the results toward the null value (underestimate the true effect).
This study has numerous strengths. It is a population-based analytic study comparing children who died as a result of inflicted injuries to natural-cause deaths. The comprehensive and standardized CFRP data provide detailed information on household members and their relationship to the decedent child at the time of death for all child deaths. This enabled us to classify children by household composition, evaluate the association between household composition and fatal inflicted injury, and ultimately tease out the fact that it is primarily the presence of unrelated adult males that leads to the striking increase in risk for fatal inflicted injuries among children in single-parent households. Although the finite classification of household composition is a study strength, there are no comparable statewide data available for all children. The US Census Bureau only classifies household structure for families with children into 2-parent (including stepparent, foster, adoptive) and 1-parent (regardless of other adults in residence) households, so it is not possible to determine the proportion of households in the state with only biological parents versus parents and some combination of other related and unrelated adult residents. Based on census data for Missouri, ϳ30% of children under the age of 18 live in single-parent households (nationally, this proportion is 28%) and 70% live in 2-parent households. Collapsing our study data into 2 household categories (single parents and 2 parents), we have 59% single-parent and 41% 2-parent households for case children and 34% single-parent and 66% 2-parent households for controls. The control group more closely resembles the statewide distribution. This is noteworthy, because the goal in selecting controls is that they represent the background frequency of exposure in the population free of the outcome of interest (in this study, fatal inflicted injury).
The availability of in-depth information on the circumstances leading to the fatal injury in the CFRP data, including identification of the perpetrator of inflicted injuries, is an additional strength. Use of this detailed information in injury circumstances ensured accurate classification of cases and controls for this study, permitted identification of injury mechanisms, and made it possible for us to avoid the underreporting of child abuse deaths and misclassification of infant and child homicides that has hampered most prior research on fatal child abuse.
Use of a subset of maltreatment-related fatal injuries, those inflicted by a caregiver, is another strength of this study. In our 2002 study of household composition and fatal child maltreatment using the first 3 years of CFPR data, we reported an aOR for fatal maltreatment in households with unrelated adults of 8.8 (95% CI: 3.6 -21.5). 2 However, the number of cases was too small to analyze the data by maltreatment type (inflicted injuries versus those related to inadequate supervision or failure to protect from known hazards). We conducted this study, using 5 additional years of data, to evaluate household risk factors by maltreatment type. Based on the aOR of 47.6 in this subset, the risk caused by inflicted injuries in households with unrelated adults is likely much higher than risk caused by other maltreatmentrelated injuries. Although our subset analysis of other maltreatment-related injuries over the 8-year period is not yet published, the preliminary findings are consistent with this conclusion. Furthermore, these results are consistent with other studies that have noted different risk factors and household composition for physical abuse versus neglect. [12] [13] [14] [15] [16] [17] 
CONCLUSIONS
We found that young children who reside in households with an unrelated adult are at nearly 50-fold risk of suffering a fatal inflicted injury, compared with children residing with 2 biological parents. The majority of perpetrators were male members of the decedent child's household. Comprehensive CFRPs with systematic data collection such as the program in Missouri provide unique opportunities for research and offer important insights for injury prevention. Educational programs, policies, and resources directed toward providing young children with safe, protective environments including quality day care for single, working mothers should be considered important strategies for preventing inflicted-injury deaths among young children.
